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Abstract

A llUll)bC’I of’ Inissions  ]1) the fulurc m p]allnillg to

u s c  GI’S fot- precis ion orbi t  ctctcrminaticm.  Cc)st
considcrat  ions an(i rcmivcr availability make single
frcciucncy G1’S rcccivcrs a t t r ac t ive  i f  the orbit
accuracy rcxiuircmcnts  can bc met.

TO put a real bounci on orbit accuracy at a 700” km
ai( it ucic, G]% ciata from ti]c CH’S/Ml  iT experiment on
Microl .ab 1 arc pt occssc(i x single frc(iucncy  data. The.
G] ’S/Ml il’ cxpcrimcnt  has a flight TurboRogue
rwci vcr on-bomi lnaking CiLl:I]-fl’CC]llCllCJ~ G1’s
nlcasurcmcnts at an altitude of 715 km. The antenna

is not mnith pointinp, hut points off to the sicic.
Orbits (’otnpute~i with Ihc (lLl:ti-ft’c(lLlctlcy data have an
RMS ctm~ponellt accuracy of bct[cl- than 5 CIII in the

ra(iial aid cross track components ancl better than 10
cm in (IIC  aiot]g  track con]poncn(  as iaciicateci by orbit
over]a~)s and can be usfxi  as truth orbits for cvaluatin.g
tile si l~glc-frcc]ucncy ciclet minc(i cwbits. Singlc-
frccplcli(y orbits for GI’S/h4 I iT have an accuracy d
hctter than 25 cln in rwiial anti cross tl ack
compot(cnts  an(i bctttx than 70 cm in tile along track
c.ompwmt.

G1’S/M  I iT is not colnplclcl y rcprcscntativc  of ali the
possible flight scenarios. Its observing gcomtry is
probably poorer an(i the (ia(a set sclcctcci was taken
CIOSC  to a mininlom soiar cycle rcsulling in less (irag
and iower ionosphere crt ors. Sonic of these other
con(i iti{ m arc cxat Ilinc(i witil covariancc ,alKi

simulation anaiyses.  At tim 7 0 0  km a l t i t u d e ,
covarial Icc an(i sin]ula(  ion si]ow that orbitai accuracy
at ti~c 20 cm 1 c\d i n ra(i i al anti cross track
conlpol]cnts  and 50 LJIII in along track is obtainabtc
with a 1() channel s]nglc  ii cciucmcy rcceivel.

Background

The fit St high quaiity duai frequency orbitirlg GPS
cxpcrinient  was Iauachcci in August of 1992 on
l’opcx/l ‘oseicion and yickic(i  accuracy of a few cm
with 0] ~crat ional data lmcessing  [Bcrligcr et. al. ,
1995, N4uclicrscimcn cl. (//. ,  1 9 9 5 ] .  O r b i t s  f o r
Topcx/1 ‘oscidorl arc orli y marginal I y dcgmdcd when
single frequency data atc UWI  ciac to its altitude of
1300 k In ( a b o v e  mmt of ti]c ionospi~crc) and wcil
modclc(l (iynarnics  ( cxlensivc tuning of ti}c gravity



Ilcld, low drag, dcl:iilcd  so]al pressure and thermal re-
twiialion nmdcls ) . At lower altitudes, similar
accuracy may bc obtained without nmrc detailed force
modeling wi(h a GIN reccivcr capblc of observing
all G]% satellites in view [Ihaligcr  cf. (/1.  , 1 995].
Accuracy at the cm level is not needed for many
missions and a significant cost savings may be
realized with single f’tqucncy flight receivers. ‘1’hus  i t
bccomcs  important  to stLIdy the ]eve]  of a c c u r a c y

obtainable with single frequency (;1’S tracking data.

GPS/MET

GPS/Ml iT offers  a platform at a Iowel altitude than

Topex/}’oscidrm i n  w h i c h  to vaiiclatc  CIPS orbit
(ictcrminat i o n .  It carrks  a  (iual-frquency  fi i~,ht
version o{ tile ‘J’urbcrI<ogLIc  rccciver  [Mmhan,  et. al. ,
1 9 9 5 ] .  S i  ngie fIeciucncy  pcrf(nmance may thus k:

vaiidatc(i against iligimt precision dual frqucncy
(ictcrmincci orbits. la ti)is paper, we wiii first present
rcsuits on tim accul acy of the ciuai frcqumcy solutions
mi then compare the orbits obtaine{i  usin~ only the
(iata at tile 1, i Irequcncy.

GPS/MET  Orbit Characteristics

G1’S/Ml ;’I’ mbits tiw car(il  in a near circuiar orbii at
about 715 km. I’able I list tiw main orbital
parameters,

“J’aldc  1: G1’S/MICT Orbital Parameters
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Flight Data Characteristics

I)ata Gaps

G1’S f r i g h t  (iata collcctc(i [iuring tile two A S  off
periods, from .lunc 23, 1995 ti~rough July 5, 1995
and oc(rtbct  i 1, 1995 through Octobcr  22, 1995 wcte

ccmsi{icred  f o r  pt t)ccssing G1’S/MIW  i n  singie
freqLwacy  mmic. I n  cotnparing  t o  tile “lruth’>  (iual
frcqucacy  orbits, it is important to eiiminate periocis
witil significant ciata plai)s., especial [y when using
rcduce~i ciynamic tracking Incthocis. I’abie 2 lists the
data ~ilps  in G1’S/M}il’  (iuriog the test pcricxi,  Most
data ~aps were not due to the flight receiver operation,
but to othcl spacecraft  systems.  l)ays  witimut
signii Icant data ga~x inclu(ic July i - 4 an(i Octobcr
18-20,

T a b l e  2: GPS/MICrl’ l)ata  Gaps,  Juac 23 -
July 5 and October 11 - October 22
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NIImbcr  of Satellites Trackd

G1’S/Mlll”s  antenna is located on the. side of the
spamcraf( pointing in approxi]na(e]y  the ant i-vclocit y

dircc[ion  (lip,. I ) during t h e  t w o  A S  off pcriocls  (

June 2?I - July 5, October 11 - 22). The GPS Ilight
l“LTCi  VLX’s M[cll i[c sc]cctlo]l  a!~Ol”ithlll  a]sO a]] OCatCS

t W() of its 8 ch:]t)t]cIs to tracking siit~ll  itcs bcl~w thc
local horizon for radio occultation experiments. l;or
July 1-4 and octobcr  18-20, the average number of
G1’S  satcl I ilcs tracked during each 5 ]ninute period
and used for orbit dctcnnination was 4.4 Cl’able 3).
The average of’ 4,4 satellites is ICSS than 6 possible
duc to the elimination of dala with a signal path
]owcr  than 600” km. I’his cutoff  is  chosen to
cli minatc  possible cxccssivc  ionosphere crmrs  from

daIa  with long paths through  the ionosphere.  N o t e
that the nutnbcr  of satellites trfickcd is significantly
worse than l’{)]>cx/l’osei(lc)t~ which avcmgcs  close to 6
with i ts  continumsly  7cnith  p o i n t i n g antenna
[Ilcrligcr c[. al. , 1995].

Ps A n t e n n a

V’ig. 1: G1’S/iM1l’l’ Spacecraft

‘J’ahlc  3: A v e r a g e  Numhr of G]%
l’roccssd f o r  Orbit l)ctermination
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.—

July 01 4.49

July 02 I 4.45

July 03 I 4.50

July 04 I 4.27

Cklobct 18
I

4.40

Oclobcr  19
I

4.45

[)clobct’20 4.50

Average 4.44

F1ighl Iurbolloguc  l)ata  N o i s e

GPS ~~se19doraagc  data at the 1.1 fmqucncy (1’1 ) wi I I
h;ive a thermal noise of about 5 mm when averaged
OVCI  5 mi nutcs whi Ic (YA pscudoarmge  is about a
factor of 3 la[gcr,  15 IIIm. The 1,1 phase data with 1()
second avcragi  ng has a thermal noise of about .05
mm. ltI all cases, the flight P] data were smoothed to
5 minute data intervals with the aid of the carrier, The
sof’twale  that curmtltly performs this smoothing
c]inlin:ites the ionosp!ict’c using the dual fIcqLIcncy

data, Some other slnoothing tcchniquc ( polynomial
fit ), vould  have to bc used for true single frequency
dnta. WC C1O not believe that this would be a problcm
and in [he worst  case a higher data rate could be used.
The d:ita type yicldii,g the. best single frequency
results was one wc cal I Group and J’hasc ionospheric
Calibliltiorr (CiRA1’}IIC)  ( (1,1 + 1’1 ) /2 ) ) data type
[Yut~cA,  1 993]. Since the data noise on 11 is much
smallel than the noise  of) 1’1 clata, C1l<A1’IIIC  dat:i
will h;tve a data noise of 1/2 of” 1’ I noise and an
undctcl lnincd bias ft 011) the carrier phase data. Jirrors

C!UC to Il)e ionmphet-e  cancel  in  the C, RAP} I IC clata
type, sillcc they arc of equal magnitude but of
oppmitc  sign  011 1,1 at)d  1’1 data.

Truth Dual Frequency Solutions

III order to awcss  the accuracy of the single fre4pamcy
CJPSM4};T orbits ,  a  ‘I]cst’”  r e d u c e d  clynamic [ Wu (V

01., 1 9°1; Ylinck et 01., I 990; I{ct”tiger et 0[., 1 9 9 5 ]
dual f[ rqucncy  solut iotl was computed an(i used as the
t{ uth solution  in comparison to the. single frequency
sctlations. A “t)cst” lcduced clynamic dual frequency
solution was dcte.n nimxt by processing data from
(ktobc~ 11 -22 and i ncleasin.g the process noise for
the rcxiuccd dynamic accelcrat ions unt i 1 a minimum
was otiaincd  i n the orbit overlap statist its, The
over]aj  j stat ist ics fo] or(obcr  16 and Octobcr  17 wil I
be doll ,inated by the dift’crcmces  due to the large data
gaps on these days and \\’cre  not included. These
overlal~ statistics indi[”atc that the solution has an
accuracy of appl oximalel  y 5 cm in at t iludc and cross
track components and better than 1() cm in along
track.

I)ual Frequency Solution Strategy

Due to the limited nulnhcr  of’ satellites tracked by
CiPS/M I iT and the. larf.e number of gl ound stations



Table 4: Average RNIS Overlaps October 11-22 (without Odobct 16/17) as a function of
process noise Irvcl

1’IOCCSS  Noise AvcIagc RMS OvcIlap  Raclial, OOss) Average Velocity overlap Phase
Alonp, I’rack  (cn~) Residuals

Ra(iia),  Goss, AlotI:I q’rack (n~nUscc)
(1)1[)))

() O 0 dynamic 22.8 9.64 87.4 0.”/-12 0.101 0.225 37.3

I o I 0100 129 7.4 23 ().2 36 0.07:+ o.106 24.3

2020200 4,99 6.04 9.83 ().0762 0.062 0.056 23.5

4040400 4.7 4.29 8.82 0.0083 0.0443 ().()566 22.4

160 I 601600 5.84 4.86 11.2 0.0698 0.0484 0.0934 19.9

available for tracking ClI’S, the lligbt data will not
add much to the orbit determination of the CIPS
spacmraf  (. Si ncc rapid turnaround is also ciesircd  the
quick-look CI}’S  orbits and clocks  [Lll{f’//e~c~loto11ll  et
01., 1 995] wme held lixcd in tbc solution fol
G1’S/MliT’s orbit ‘J’hc quick-hmk GI’S  o r b i t s  ml
clocks m currently available on tbc intcrnct
approxinm(e]y 18 hours after the last Ma point. They

incl Ldc  27 hours of data star(in~ at 21 hours and
~oing to 24 hours of the next day. I’hus  successive
data arcs have 3 hours of ovcrlappin,g  d;tta from 21
bouts  to 24 hours, I’hcsc  G1’S orbits generally have a
3-1 ) RMS accuracy of’ abrm( 30 cm dut-inx the data
m.

holding all the GI’S orbits and clocks  llxccl, dual
fwqucncy  l’-codc an(i pbasc data for G1’S/Ml W am
proccsscd  at a 5 minute MC using iligbt data from  the
same 27 hour in~crval as tbc quick-look GPS orbits.
A data weight of 1() cm was used fm the dual
frequency phase (iata with a 1.2 m wcigbt for the. clual
freilucncy l’-co(ic {iala. Sol vc(i for parameters include
spacccrati initial state (position and velocity), drag
cocflicicnt, once per-rev empirical accelerations i n the
along track and cross tt ack direct iotls, carrier phase
biases, and G1’S/Ml13’ clock. A solutiorl with these
parameters wi II bc rcfcrre41 to as a dynamic solution.

Two iterations arc pcrrormcd  on tllc dynamic solutio~l

10 remove any Imn-lineal cffecls. With the convcrgcxi

n o m i n a l  s t a t e , a  furthcl  a d j u s t m e n t  o f  a l l  the

parat I tctcrs is made in tbc prcscncc of additional
albitt ,wy stochastic accclm ations  in the radial, cross,
and along Ilack Conlponcnts. I’he stochastic
accclt. t”ations have a 1.f minute time correlation with a

prom ss noise: of 5r1, 5tr, and Son nanomctct s/sec2 in
radial, cross, and alo]l:t  tt ack conlponcnts  respectively
wbel c’ H is varied t)y Jmwcrs  of two to search for the
nlirlilllum overlap.

‘1’able 4 shows that IIIC  ]) Ii nimum overlaps occur fin
t}lc p: occss noise at the 80, 80, 800” ll:lr~c)illctcrs/scc2
lCVC1  The RMS overlap (RMS difference in
spacewaft position and velocity) fot cacb pail of days
is colllputed fronl  2 I brs 25 min to 23 hrs 25 min.
The 3S mi n tails aIL dclctcd  fron) each end of tbc 3
hours overlap to ren IOVC the edge effects inherent in
reciu(cd dynalnic p] mwssing.

Tablt  S show’s  the ovcdaps for tbc (lctobcl-  data and
tbc .J ul y data without any large data gaps for the best
case lwocess  noise. 1[ is tbcse orbits that will bc used
ilS [1’llth tO COIIIIXUI’  With  thC Sill~le  frCC]LICIICy  OrbitS.

Single  Frequency Data Processing

l;O] single fmqucnc  } dala processing, the solution
scenario, adjusted ]mxlcl paranlctcrs  and process noise
n]odcl for rcduccd  dynamics wctc identical to the clual



frqucmcy case. The oaly (iiffcrcncc was the data types,

d a t a  w e i g h t s ,  aa(l  the lcve] o f ’  p r o c e s s  noise. I’wo

dillcrcal  scls of’ dala tylms were tried.  In Ollc case, the

] .  ] IIIC:ISLII’C(I  }lh:lSC w a s  pmccssed s i m u l t a n e o u s l y

with the 1’1 pseu(lomngc  as ia(lq>cli(lenl data types 111

the otlm case, the Iincal combination of l.1  phase. and

} ’  ~ }NXiOl”[lll~C W:IS I(wtncd  to clinlinatc  tl]c

ionospheric effcc[s  ( GI<A1’}11~  da[a, (1,1 -t 1’1 ) /2 )).

1.1, 1’1 l’roccssing

Covariaacc a n a l y s i s  ( b e l o w )  a s  WCII as  resu l t s

ob(ainc(l with the llJV1l  satellite, [Gold, 1 9 9 4 a ;
GOI.1)  ef al., 1994b]  suggcs( that prmcssiag  p h a s e

aad Jmudoraagc d a t a  a s  itdcpcndcat d a t a  typm will

not do IIS WC] I as (iI<Al’]  1 IC data processing. The
GI{AI’I  IIC appr(mh  is superior duc to its better

bandlilig of ionospheric crmrs. Ooc day, JLIIW 23, was

p r o c e s s e d  to verify  {his fi)r G1’S/MliT. The best
orbits obtained with 1.1.1’1 (indepcaclcat)  data were at
t he  fcw mctct Icvcl fot t h i s  c l ay  wh i l e  o rb i t s
dctcrn]imxl  with G1{AI’I  11[ data were below a meter.

GRAPHIC Data Processing

LJsiag the (lays without significant data gaps as a test
set, the reduced dynall)ic  paramckm were tunccl as i a
the ca~e of dua]  frcqucticy data. A data weight of 10

cm wa~  used fo] the 5 ]nir~utc  GRAPHIC data. Tables
6 -- 8 give the r’csu]ls for’ tbc dyaamic  orbits arKi

IedLIced clyaamic orbils with levels of 5, 5, 50, arKl

10, 10. 100  nallotllctl:l  s / see* ia the radial, cross, and
along i rack compoacats. ACCUIaCy  of the solut ioas is
dc.tcrmiaed from con ~)mrison  to the dual frequc.ncy

Table  5: Reduced l)ynamic  l)ual  Frequency Orbit Overlaps, Process Noise 80, S(), 800
nanometers / s cc2 in Radial, Ctms, and Along Track

!)SoctI5/950cl16 4.03 ‘2.31 7.38 0.0556 0.02”/2 0.0647

950ct17/9soct 18 5.03 2.4 9.58 0.0523 ().02:+7 0.0724

950ct 18/95c)ct 19 2.4 2.17 3.82 0.056 ().()295 0.0152

95(Jct19/9soct20 7.69 3.68 22.2 0.135 0.0307 0.104

9s~~t20/gsQ@  1 4.04 3.09 7.45 0.0411 ().038 I 0.0484

950ct21 1950ct22 5.47 5.28 5.49 0.0521 ().()488 0.0595
m

Average 4.83 4.56 8.87 0.()-/67 ().()47”/ 0.0639



truth orbits. ~’hc 5, 5, 50 mulls show all accuracy of about 25, 15, ald 7( I cm it) radial, cross, and along
[rack  c’OIllpOllClltS.

Table 6: l)ynamic  G1tAI’lll  C orbit Comparison to  l)oal  Yrcqucncy Troth Orbits

l’able 7: Rcdoccd  I)ynamic  GRAI’lIIC  Orbit  Comparison to lhal hqucncy  Troth Orbit%
l’rocws Noise Icvcl: 5, S, 50 nanon~cters/sccz  radial ,  cross,  along track

31.4 11.1 85.6 (),672 0,122 0.34

32.1 12.1 79.6 () 585 ().152 0.336

25.2 19 74.5 0.619 0.237 ().27

30.7 21.2. 83.4 0.678 ().253 ().332

17.7 I 2.3 54.2 045 0.113 ().193

15.3 15.8 39.3 0303 0,163 0,158

20.6 10.1 55.9 0441 0.101 ().2.24



Tahlc  8: l<educcd l)ynamic  GRAP}IIC  Orbit [ c o m p a r i s o n to I)ual JWqwncy Truth Orbits,
P r o c e s s  Noise  lrvcl:  10, 10, 100 nanon~ctcrs/scc2 radial, cross, along track

31.8 10.9 84.? 0.65 0.121 ().342

32.3 11.5 80.3 0,59 0.146 0.338

26 13.8 76.7 0.637 0.188 0.279

29.7 21.1 80.6 0.(,55 ().25 1 0.32

23 15.7 67.6 ().555 0.144 ().243

16.8 13.5 43.2 0.:333 0.142 0.165

24.8 12.5 63.6 0..$79 (),125 0.27... .,. ,“r.  r

Average 26.3 14.1 70.9 0.557 0.10 0.28

l’hc amounl  of process noise that can be added is
Iinlitc.ci  by  the ciala qLlalily  and  unnm(leled  s y s t e m a t i c

Crrot- sources.  An cxau~inatioa  of data r e s idua l s  can

yield some claw  as to the I imit ins mm sources.
Tbcsc C1OCS poiat to multipath errors.

Dual Frequency Phase Residuals GPSMet - GPS18
Reduced Dynamic 80,80, 800 nanomeierskec>
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]Ci~. 2, l{CCIUCCC]  I)ynalnic  Ihal F r e q u e n c y
l’hasc  Residuals

GP!YMET  Post fit Data Residuals

A rcprescn(at ive set of posI fit residuals was plotted
for da(a t  :lkCJl  o]) Octobcr  18 b y  t h e  CiPS/M1  iT

recci vcr.  S h o w n  in 1 ‘i F,. 2 – I:ig. 4 arc the doal
freqllcncy  pbaw and lxewlorange  residuals along with
the mrrespcsndin:  hcst reduced dyaamic  GRAPHIC
postllt data residoals

o 200 400 600 800 1000 1200 1400 1600
Minutes Past 1995 Oct. 17,21 Hrs

F’ig. 3, J{c{Jncecl I)ynamic  l)oal Ih?qucncy
J’scudorange  Jlcsidnals

A\suminS }’1 and )’2 have about the same (iata noise,
dual frequency pwudot-angc  residuals clue to either
thermal noise or lnultipath  are expected to be about 3
tilnes lar~cr than tlmsc for Cil<AI’}ll C due to the. dual
fl cquency d a t a  comhinatiol~ (~2.542 + 1.542 ).
A n o t h e r  fwtor of 2 results from  the fact that



GRA1’}  11(;  obscrvablm  arc dominatml by the noise in
1’1 divided by 2. So there should bc a scale factor of -
6 overall when conlparil~g, dual frequency pseudorange
rcsidaals  and G1<A1)HIC  rcsidaals  —- at least for
rcsidaals  duc to thermal efkls or multipath. T h e
ohscrvcd  dual frequency psmdorangc  rcsida als arc a
I itt Ic tnorc Ihan a factor of 6 lar.gcr than the
G1{AI’I  11~ data residuals. All other crmr scmrccs  that
wc m CUI rcnt]y aware of do not scale in this way,
but would  rather bc of the salne size for all clata types
(spacccrafl  position for example). Since thermal noise
is bclicvcd to bc much smaller than multipath noise,
wc coneludc that the most likely dominant errw
Soil l-cc fol G1’S/M I iT da[a  processcci  w i t h  t h e .

G}< A1’}lIC  tcchniquc is multipath

Single Frequency GRAPHIC Resicluals GPSMet - GPS18
Reduced Dynamic 5, 5, 50 nanrrmetwskec2-.

Minutes Past 19950ct  17,21 Hrs

l~ig. 4 ,  S ing l e  lh?qllency  Reduced
GRA1’IIIC Residuals

Covariance  Analvsis for

I)ynamic

Low
Earth Orbiter [LEO) Orbit
Determinat ion’  ‘

The covariancc  analysis provides a useful complement
to the real data G1’S/Ml ;T st udics fo] scvmrl  reasons,
I ;irst,  the G1’S/M  I il’ spacecraft has a different
viewing geometry than other spacecraft with zcnltb
po in t  i  ng (;PS a n t e n n a  and  c a n  s e c  cliff erenl
conlbinatioas  of G1’s satellite.s. Second, the.
ionosphere  and  (Iynatnic et-rors  cncouniel  ccl by OI}ICI

spacccrafi  Inay b e  hIrgcI  t h a n  t h o s e  cncx)Llntcrcd by

GI’S/MIiT. I’he f o l l o w i n g ,  covariance  atmrysis

atle]npls  to plovide a consct-valivc  assessnlcnt  of  the

potential orbit determination capability with single
flc(]llcncy  d a t a  111)(ICI  a tnorc g e n e r a l  o b s e r v i n g

conditions anticipated for most spacecraft,

The t) mdcls  for the at Ialysis  arc sun~marizcd in Table
~. Notc that conserva~ive assatnptions  WCre 111:1(!C On

ionmphcre aid dynan)ic  errors. ‘1’hc larger dya:in)ic

nloclel  anccrtainlics cliclak a rc(taced  clynatnic  tracking

on] y. No clynanlic  tracking w:is  at tcn]pc(l.  I’wo cases

were s[adied,

Case 1: Two antennas, one zenith and
one nadir pointing, each l imi ted to
observing up to 5 GPS at a time

I’he two antcanas  ptovidc a  ncar]y  fall obscwing
winch~w.  Since obseI vatimls of ~J1’S  below local
horiz( )11 arc hanl~ncd by strong ionosphere effects,
GRAi’H1~ iol)(,s}~l~clt-lt:l)lc)  vitlg technique is used,

T h e  r e d u c e d  dynanlic orbi t  cictcrminatirm  w i t h
GRA1’Hl~ ioltosl~hcl,’-~ctllovitlg” techniqac is, in this
covat iancc analysis. accarate [o ().5 m in-track, better
than ().2 m cross-ttack atld l-adial, as shown in IJlg.5.
With(mt u s i n g GRA1’I  11~ iorlosl~hcre-ret~lc)~rirlg
tcchniquc, the orbit accamcy is only good to 1()- 20
m, as shown in I ~i~. 6 (carrier phase data arc de.
weigjllcd  at 50 cm to account for ]argcr ionosphere
ef~ect~). The m:~ot two source is the i o n o s p h e r e
(liig.7).

Case 2: Single zenith pointing antenna
with a highly restricted i 45c’ field o f
view, limited to observing up to 5 GPS
at a time

The liirritc(i frckl of view sirnulatcs,  again on the
pcssirllistic  side, a sirt~lc  antcnrla on a satellite which
nlay tllrn s i d e w a y s  fton~  tirnc to  t ime ,  RCdLKXX{-
dynall iic filtering is used to rcdace drag ancl gravity
errors

W i t h  ~lata noise wcigllts of 1.5 m pscuclomnge and
1.5 cin ca r r i e r  pbasc  ( d c - w e i g h t e d  a t  30 cm fol

ionosl)tlcrc ef(kcts)  at 5 niinute intervals over 24
11 OUIS, the orbit can bc dcterr~lincd to better than 2 n]
i n al I three coml~olicnts  (radial and cross-track
components are bcttcl tharl 1 ni), as shown in Iiig. 8.
With ( ll<A1’H  (C i[lll(~s}]hcrc-rci~~oviI~g  tcchniquc, the
iormp!~cl c-ren OJed corn bincd data are eqaivalcnt  to
p}~ase n]easurcmcnts  tvith 55 cm misc. The orbit is
only good to about I S in ill-track, 3 m cross-track ancl
radial, as shown in l~ig.9.
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lpoch Satel l i te  Orl]it ltlcmcnl.  s

;atcllite  Body

[’racking Scenario

lrror Models

Semi-majoi  axis

liccentticit y

inclination

Ar~LInlent  of l’criapsis

Right ascension

Mean anomaly

1 k)cly Shape:

Area:

Mass:

Ground tracking  site.s:

1 )at  a t ypc.s:

Data rate:

I )ala span:

Iistimated  paranlctcrs:

I)ata noise:

Tropmphcrc:

Station location:

Atmospheric drag:

Solar radiation pressure:

1 ;arlh rc-radiat ion pressLlre:

Gravity:

7058 km

0.0012

98.1 1(’

90”

3300

@

Sphm’

81112

817 kg

1’2 glt)bal  sites

1.1 pscLdoran~,c and cawiei phase on 1.1 K)

1,1 -I.? pscLKIorange  an(l  carrier phase cm groum

every 5 minutes

1 day

1 .1]0 epoch position and velocity

G1’S (’poch  positions and velocities
white- noise clock biaws
carricl phase biases
randoln-walk  troposplwric  delays

1.5 nl pseudmang,e on 1 JiO
1.5 CIO carriet- phase on l.1 X)
0.5 n) pseLKlmangc  011 grollnd

().5 c)]) carrier phase 011 ground

100%  Bent Mode] wit h an 1 ipoch of

Marcl] 2.1, 1992 (rlcat  solar nlnx)

20 cm constant  7enitll delay;

5 cnl/&~y randon-walk variation

5 Cm each coruponcnt

50 %

50 %

50 %

50% of trLlncatwi (50,i50)”  diffcrcncc
bctwccn WGS 84 and JGh13 llKKiC]S
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k’ig.  5 . Results of’ covariancc  analysis
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Fig. 6. Rcsolts  of eovariancc  analysis
with two antennas without

GRAI’l IIC’ ionosphere removing tcchniquc

Summary

An RMS accoracy ot” bct[er  than 25 cn) in the radial
and crms track components and better than 70 cm in
the along track Conlponcnt  has been Clcloonstlakd  fol
single frequency orbit determination for G1’S/M1i’1’ a~
compat’cci  t o  dual frequc.ncy trLlth so]utions  u s i n g

rcxiuced dynanlic t r a c k i n g  and  t h e  GI{AIV31~ da[a

combination. The dual frcqLJency  [IO(11 sc)l Lltions  have

an RMS accuracy of about 5 cIn in the radial and

cross-track cmtlpcmcnti and 10 cn]  in the along track

Conlponcnt,

PG r a v i t y

A;
zenith & nadir  antennas each’observ]ng up to 5 GF’S

1 -day tracking from 12 stations
1

Sol_Flad

1
Drag I ,,, , ,, ,!, ,,, ,,,

@ 0.2 0.4 0.6 0.8 1

I.day Average 3-D RSS Orbit Error (m)

Fig. 7. ]~rror  Con~rib~ltions fro,,,

covariancc  analysis with two antennas
w i t h o u t  GRAI’I1l C iotiosI]llcrc-rct~~o\’ing

tcchniqoc

4

t

,, !,,:  ,,,  ,,:  ,,, . . .  ,,,  ,,
sing:c antenna ot,scrwng  GPS above 45 elovahon

12 Qlobal ground  slalmns 1
t reduced  .dyrmn)i:  tr,iw,ng  w!th (llpnds’ process-nm.o force {
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1 me Frdsl  E Poch (hr)

Fig.  8, RcsuIls of covariancc  a n a l y s i s
with single antenna  without GRAI’lll  C

ionosphere removing technique
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I~ig. !). Rcsu]ts  of covari;inm  a n a l y s i s
with single  antenna and GRAI’l  IIC

ionosphere removing tcchniquc

~ol:iri:ltlcc/sillllll:ltioll  analysis indicates that with
two anlannas  silllLllt:ltlc(JLlsly observing up to 10
G1’S satcllics and the G1{AI’l  IIC~ tcchnicluc, the orbit
c a n  be dckwnincd 10 50 cm i n  t h e  :ilong-track
component, better than 20 cm cross track and radial
Components. With a single anlcnna observing up 10 5
Cil’S satcl]itcs above 45° elevation, the ionosphere
clltic[s  ate much lrrwcr  an(i ~Jl<A1’}11~ (cchniquc  is
not 1w4M. The orbit accuracy is better than 2 m in
the along-track cmnponcnt  tind better than 1 m in the.
radial and cross-track componcn(s.
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